Background: We report a rare case of malignant hyperthermia during laparoscopic adjustable gastric banding.
INTRODUCTION
Laparoscopic adjustable gastric banding (LAGB) is the least-invasive form of bariatric surgery. It is safe and effective. [1] [2] [3] [4] [5] [6] Moreover, it is increasingly being performed on an outpatient basis. Malignant hyperthermia (MH) is a rare but potentially life-threatening complication that can occur from administration of certain general anesthetics. [7] [8] [9] [10] Its incidence ranges from 1:5000 to 1:50,000 to 100,000 administrations of general anesthetics. 8 Since its introduction as an anesthetic agent, desflurane has been classified as a weak trigger of MH. 11 Its widespread use has changed the clinical presentation of MH. 11 Tachycardia and late onset presentations are some features of MH induced by desflurane. 11, 12 Nevertheless, its facilitation of rapid postoperative recovery, particularly in obese patients, makes it an ideal choice during bariatric surgery. [13] [14] [15] Here we report a case of MH during LAGB, with desflurane as the maintenance anesthetic agent. Review of the literature reveals one publication in which a case of MH was described as a complication during LAGB. 4 The utilization of an anesthesiology team familiar with the biochemical and metabolic derangements associated with MH will permit timely diagnosis and treatment of the disorder, thus leading to better outcomes. Given the potential fatal outcome of MH, treatment with dantrolene should be initiated once the diagnosis is suspected. 16 
CASE REPORT
A 32-y old, 96 kg female with a body mass index of 41 kg/m 2 , was evaluated at our institution for bariatric consultation. Her past medical history included asthma, hyperlipidemia, and infertility. Her past surgical history consisted of knee arthroscopy and dilation and curettage; both were performed while she was under general anesthesia, uneventfully. Preoperative evaluation revealed no personal history or family history of adverse reaction to anesthetics.
The patient underwent LAGB. After adequate preoxygenation, general anesthesia was induced with a combination of propofol (200 mg), fentanyl (100mcg), and ro-curonium (50 mg). The trachea was intubated and general anesthesia was maintained using a combination of oxygen and air (1:1), desflurane (5% to 6%), and fentanyl, as needed.
Towards the end of the laparoscopic portion of the operation (35 min from induction of general anesthetic), she experienced rapid physiologic changes consistent with MH. Her end-tidal carbon dioxide (ETCO2) increased from 32 mm Hg to 80 mm Hg within 5 min, and peaked at 115 mm Hg. The patient's heart rate increased from 70 to 80 beats per minute to sinus tachycardia at 129 beats per minute. Her blood pressure trended up from an average 110/50 mm to 162/60 mm Hg, and her temperature increased from 35.8°C to 37.5°C. Arterial blood gas was consistent with mixed acidosis; her arterial blood gas demonstrated a pH of 7.15, partial pressure of carbon dioxide (PCO2) of 49 mm Hg, and bicarbonate (HCO3-) of 17.3 mmol/L. Her urine was straw-colored with a red tinge. The volatile anesthetic was immediately discontinued, and 175 mg of intravenous dantrolene was administered; furthermore, minute volume and the fraction of inspired oxygen (FiO2) were increased. She immediately responded to the treatment. Her ETCO2 subsequently decreased to 31 mm Hg, and her pulse (129 to mid 80s), temperature (37.5°C to 36.0°C), and blood pressure returned to her baseline of 115/50 mm Hg (Figure 1) . The surgery was completed uneventfully, with a total operative time of 63 min.
Biochemically, the patient had elevated creatine kinase MB (CKMB) and creatine kinase of 84.2ng/mL and 22233u/L, respectively, which peaked at 91.1ng/mL and 49220u/L on the first postoperative day 1. Postoperative management with intravenous dantrolene (1 mg/kg every 6 h) was continued for an additional 36 h. The patient remained hemodynamically stable. Her acidosis resolved, and the remainder of her metabolic and biochemical derangements progressively improved to normal values. She developed muscle weakness, which improved with physical therapy. She also developed phlebitis of her forearm, where dantrolene was infused. The phlebitis was treated conservatively with arm elevation and warm compresses. The patient was discharged home on postoperative day 8 in good and stable condition. 
DISCUSSION
We present a rare, but potentially life threatening, intraoperative complication of bariatric surgery. The patient's rapid and severe metabolic and biochemical derangements and their subsequent rapid reversal with administration of dantrolene are strongly suggestive of malignant hyperthermia. 17, 18 Desflurane will likely remain in widespread use in the bariatric population given its quick offset and effectiveness, [13] [14] [15] and its use is justified because it is a weak trigger of MH; moreover, other inhalation anesthetics, such as halothane, sevoflurane, isoflurane, and enflurane, are all potential triggers of MH. Additionally, succinylcholine, the depolarizing neuromuscular blocking agent, has been reported to be itself a trigger of MH. 11, 12, 19 Nevertheless, it is important to note that MH can be triggered up to 6 h after general anesthesia induction when desflurane is used. 12 In view of increasing same-day discharge after LAGB, particular emphasis should be placed on the potential for delayed presentation of this complication of general anesthesia and the potential severe adverse consequences that can occur if MH is not recognized and treated promptly.
The potentially fatal nature of MH mandates treatment as soon the diagnosis is suspected. The principles of treatment of MH start with immediate discontinuation of the trigger agent. The patient is then hyperventilated to decrease the ETCO2, which is then followed by administration of dantrolene. The initial dose of dantrolene is 2.5 mg/kg, and this dose is repeated as needed; the dose can be titrated up to 10 mg/kg until resolution of the patient's tachycardia and hypercarbia. 18 Dantrolene is then continued at 1 mg/kg every 4 to 8 h for 24 to 48 h. While dantrolene is being infused, hyperthermia must be controlled by all means available to the treating physician. Rapid cooling continues until a core body temperature of 38.5°C is reached. Continued care for the next 36 h to 48 h is then performed in the intensive care unit, where the patient is monitored and treated for arrhythmias, biochemical disturbances and metabolic disturbances. Urine output is increased to 2 mL/kg/hour with administration of fluids, mannitol, and furosemide as needed. 8 Once the patient is stabilized with documented improvement of metabolic and biochemical derangements, attention to possible complications of dantrolene and ways to curtail their progression are warranted.
Our patient developed muscle weakness and phlebitis, the 2 most common complications of dantrolene administration. 16 Administration of dantrolene as well as aggressive fluid resuscitation was discontinued after 36 h once she demonstrated objective evidence of improvement. Although these maneuvers may have decreased the potential complications from dantrolene, continued administration of the drug through a central line could have decreased the chance of phlebitis development. 16 
CONCLUSION
Malignant hyperthermia is a very rare phenomenon, but bariatric surgeons, anesthesiologists, and all medical personnel involved in perioperative care of bariatric patients should be aware of early signs of MH. Early recognition and prompt treatment reduce the morbidity and potential mortality of this serious complication.
